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A process for stabilizing an ethylenically unsaturated monomer or oligomer from premature 
polymerization is disclosed whereby a stabilizing amount of an amine, preferably a subsbtuted hmdered 
amine, in combination with phenothiazine or other related heterocyclic^ moiety ^ is 
polymertzable monomer or oligomer, i he eihyienicaiiy un^iuidlcd ..rono.uer ^' ^"^r^-'' ""^^^^^^^^^ 
vinyl monomers or oligomers bearing at least one polymerizable moiety. The combinatK>n of subs^tuted 
hindered amine plus phenothiazine inhibits premature polymerization in the liquid and/or vapor pnase. 
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The instant invention pertains to stabilized monomer compositions, .n particular to compositions containing/ 
Pthvlenicallv unsaturated monomers, stabilu^ed against premature polymerization. 

'Z^^^^^-^c^^^y unsaturated compounds wt.ich can be polymenzed by free radical in,t,at,on are common 
called monomers. They constitute a major dass of industrial chemicals Because of ^ P-sence of the 
S ylTrzable double bond, the widespread sources of initiating radicals from perox.des, hght and/or thermal 
^ nS on. such monom^ers are prone to undesirable and premature polymerizat on at various stages dunng 
?he,r manu acture. purification, storage, shipping, blending and use. Protection of such monoriners from such 
cremrt^re polymerLtion is needed up to the point where polymer^ation is actually desired. If premature 
SymeiaSn does occur, the monomer may suffer contamination by polymer, troublesome increase in v,s- 
"^IZ TZn and/or loss of react.ity. Fouling of distillation equipment including heat exchanger surfaces 
^o a^e^ssels transfer fines, pumps, s-hipping containers and application equipment can occur with ensuing 
o^of de" ing downtirne. loss ofmatenal and unnecessary labor costs. A particularly difficult situation ,s 
"e prepatS of polyo. acrylates from po.yols and acrylic acid since prolonged heating periods are requi ed 
rcomoi^ the estermcation^ Premature polymerization can also constitute a safety hazard since uncontrolled 
ex hen^ c o^^^^^ -n cause raptured vessels, atmosohenc contamination, and ,n extreme cases^exp^ 

Sons and 'res Deterioration of monomers ,n shipping and storage may also make necessary the use of costly 

zable unsaturated monomers which occur in commercial products such as hydrocarbon fuels and refinery 
Sams InTese C3ses. polyr^erization accompanied by the incorporation of oxygen moiet.es leads to gum 
an sludge deposits which'caTfou, carburetors, engines, fuel tanks orfue. lines. In f^^l^^^^^^^^^ 
monomers in hydrocarbon streams such as cracking products can foul pipelines, valves, pumps, heat exchan 

YnttTpro^r -:.;"^ undesired polymerization of free radical po.ymer.zable -"omers is .he case 
of polymerizations which are intentional, but which must be prevented from going too far. 
ity of p^y(vinyl chloride) suspension polymer and of synthetic rubber made from olefins and dienes is superior 
T bet^fllecular weight distribution, stability, and processing properties) if the polymer^at.on ,s s^ped 
shortTcomplete consumption of the monomers. It Is also desirable to have available .n a P'-t conduc^g 
Tyl polymerkation reactions some rapid and efficient means for stopping a runaway polymerization .f other 

'^'Z:^^^^^-^^ compounds to monomers can retard or even prevent their undesired 
polylerLtion. and that when po.ymer.ation of the monomer is desired, the inhibitor -n be remove^^ o ove 
ridden by a deliberately-added polymerization initiator. Various aromat-c --P-"^^^-; frEHQ) ^er, but!', 
inhibitors in the prior art Typical ones are hydroquinone. monomethyl ether of hydroquinone (MEHQ), terl butyl 
SnSTphenomiazine. phenylenediamines and benzoquinones. These are usually used at a level of 50 o 
!SoO ppm^ese inhibi c^s are not totally effective, and even with such inhibitors present, it .s often advisable 
o store such^h" monomers in a cool place and for limited periods of time. Moreover, these aromatic inh.bi- 
oJ a e a iuse of serious discoloration problems in the monomers and in polymers deliberately prepared from 
JLch monrmei Typically these aromatic inhibitors produce quinoidal chromophoric groups with very high v^ 
Se nght abTorbance The use of stable nitroxy. radicals as inhibitors also leads to discoloration since such com- 
pounds are themselves highly colored, usually bnght red. :„Hlhi,or. which 

In order to overcome these color problems, a aiiigem secc.. wo^ ...o-- - --• - •■ 

are both effective and not discoloring. This search led to the N,N-dialkylhydroxylam,nes and the N,N- 
diaralkvlhvdroxylamines. Some typical references are cited infra. k ,c kj w 

diara^k^lhydro^ and US-A 3,878.181 disclose the use of N.N-dialkylhydroxylam.nes such as N^N- 
diethymyd^ JamL as short-stopping agents for emulsion polymerizations of butadiene/styrene rubber and 
chloroprene uS-A-3,697.470 disclose the use of N.N-dialkylhydroxylamines such as N.N- 

dieth'^hyd^^iamle^nd N-alk,-N-ary,hydroxy,amine such as '^-^^/•---P^-^^^f;;ttn:bUrCoS^ 
as short^^stop^ng agents and popcorn polymer inhibitors in processes for P-P^'^f y^J^f^';" 
corn polymer formation is a serious problem encountered in recovenng of monomers from such synthetic rubber 

""^UsT-^ 782 105 teaches the use of long chain N.N-dialkylhydroxylamines as stabHizers to PJ^vent the 
premature gelation of unsaturated elastomer compositions such as styrene/butad.ene copolymers or 

polybu^diene^^ describes the use of N.N-dialkylhydroxylamines Such as N.^-^-thyihydroxylamine and 
N.N-diaralkylhydroxylamines such as N.N-dibenzylhydroxylamine as stabilizers for preventing the premature 

gelation of unsaturated polyesters. 
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, ,^ A . 708 889 leaches the use of N.N-d.alkythydroxylamines such as N.N^llethylhydroxylamine or N.N- 
d,.enzyCroX ^ ^^^^ ^^'^"^^^^^""^ °' organos.loxanes su.sf.uted ty 

''"'utZ^^oiZT. US-A^' 434.307 d.sdose the use of N.N-dibenzylhydroxytamine in con.binat.on with 

compounds^ ^^.^^^ denv,Bv« as ..nyl 

v„,i4",*e ip™n/J, «ut™n,,o, pcoce.sin', p-„n.c ..ed co„..,„i., olef.s Py -h. Polynv 

romol. Chem. loO, ^4,3 ^ly^^; ui&^^uac u.a j „n^-,^rv^attt r^ntrast the corresponding 

retarding the onset of the polymerization of "^'^'^^^^^ Sl^ng the polymerization of 

1-benzyloxy-2.2.6.&-tetramethylpiperidin-4-one is stated to have no effect .n delaying poy 

PC. "dt""Slt Z^:r, co„,po,«,on. In =on.t,„,»on w,« one o, .o. om.r ..aM.^rs such as 
™rs7r:re,'1^™:oMr :i:rn'',o prov.de l*,p.o,s -o. »,no™. Known . dl,r,oo„ .o 



50 



inhibit such as acrylic acid. _ f ;r,K;K,*r.rt; fnr ?;aid mono- 

U is still a further object of the invention to provide h,gniy enec;,ve uun.u.Mo..... ^ 

"'"xhe invention pertains to a monomer composition, stabilized against premature po.ymehza.on. which corrv 
" an ethylenicany unsaturated monomer or mixture of monomers. polymeHzable by free radical initiaf.n. 

" : (b) - effective a^^ount. sufficient to inhibit the premature polymerization of component (a), which is a con. 



bination of 

(i) a heterocyclic compound selected from any of formulas A to C 



C5- 





(A) 

55 ^^5s-^ "^K' 

I 

G3 
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(B) 




(Q 



Gatrhydrogen, alkyl of 1 to 4 carbon atoms or alkenyl of 3 to 4 carbor, atoms, preferably hydrogen, allyl 
or1-propenyl. most preferably hydrogen. ^ ^ ,nH 

G. and Gs are independently hydrogen or alkyi of 1 to 8 carbon atoms, preferably hydrogen, and 
f and 9 are independently 0. 1 or 2. and , f„rm.,ia 

(ii) a primary, secondary or teniary amine, or hydroxylamine, or mixture thereof, of the formula 

NQ2Q3Q4 






.or 



T9T10N-OH 



^ Q and CL are independently hydrogen, alkyl of 1 to 18 carbon atoms, said alkyl subst.tuted by hydroxy^ 

Sken I of 3 to iTcarbon atoms, cycloalkyi of 5 to 12 carbon atoms, phenylalkyi of 7 to 15 carbon atoms, aryl 

of 6 to 10 carbon atoms or said aryl substituted by alkyl of 1 to 12 carbon atoms or by phenyl. 

with the pr^ that all of Q, and Q. are not hydrogen, cydcalkyi, phenylalkyi or aryl at the same t.me^or 

SI and i together are straight or branched alkylene of 4 to 8 carbon atoms. 3-oxapentamethylene. 3-th.apen- 

tan>ethylene. 3-iminopentamethylene or 3-methyliminopentamethylene. and 

Q2 is hydrogen or alkyl of 1 to 8 carbon atoms: 
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Q. Q. Q, 0.. Q.^ Q.. ="1 °" i"<!=P»"*"»» """"S'"' °' f""""' °' 

"•"cCo^n, ,iO -» p,.l.-.«, a ^varoxyla-in.. P,.,=,i,.» P.t.tert a,e N.N.die..^hyd,oxv,a.,lne or N.N- 

pounrs>,c» „ h,d,ogen p.rox.de .o«pw=d b, r.d>,»o„ of .he P^ .n»™ed,a.. .on..ed ,o .h. des.r.d Pyd 
roxylamine denvali.e- Such a process Is taught .n 1B5^ „rt,„„.carbor, double bond 

rrr^;=r.s^sr^,,::,ntsie,.t..^^^^^^^^ 

accompanied by autooxidation. inhihit because of their inherent high 

po,;^iX'.h?rrnJLxrrr:hrbT= - - 

premature polymerization. . ^ . .k^ rmnn consistina of the oleftnic hydrocarbons. 

...n:;t:rre„=rirun=rrn:rt=^^^^ 

«;s."ursatp;at.d ethers, aprytated urethanes and unsaturated poiyest.n, J 

'^t;;rt,:tsrnrr;s":;r':»d,ene.ao.,^^^^^^^ 

The do,ht«.s...ons ollhe .nstant Invention rhay alspcontam f J„chol. tert. 

tcrirT'rte'oir or ?cs";==:::i;''ahd Losophen.hyd. 

V ventional additives. p,romahir^> nolvmertzation of a monomer 

■ - The instant invention also pertains to a process for prevent.ng '""^l^J^^^'^'l^^ 3rT>ount of a 

polymerizable by free radical initiation which compnses ^/'^ ^"^"^^^^^ invention 
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Preferably this process comprises adding 50 to 10.000 of a mixture of components (i) and (li) in a we.ghl 
ratio of from V10 to 1000:1 to a continuous fluid feed stream to deactivate the autocatalytic polymenzat.on. tn 
any part of the continuous process equipment, such as reactor, reboiler. distillation column, etc.. of any ethyient- 
cally unsaturated monomer present in the feed stream, and further adding to said feed stream an additional 
10 ppm to 500 ppm of said mixture as a makeup additive to maintain the desired concentration of said mixture 
in the fluid feed stream being processed. 

Preferably, this process is also carried out to prevent the fouling of processing equipment including reac- 
tors, pipes, stills, destination columns, cracking towers and heat transfer surfaces during the processing of a 
monomer polymerizable by free radical initiation. 

Still another aspect of the instant invention pertains to a monomer composition stabHized against premature 
polymerization, which comprises 

(a) an ethylenically unsaturated monomer or mixture of monomers, polymerizable by free radical initiation, 

^bTan effective amount, sufficient to inhibit premature polymerization of component (a), of a combination 
of 

(i) a heterocyclic compound selected from any of fomnulas A to D 



20 





■G4 



(A) 



25 




30 



s 

(6) 




CB) 



35 



G5- 





(C) 



40 



45 




(D) 



where 

G3 is hydrogen, alkyi of 1 to 4 carbon atoms or alkenyl of 3 to 4 carbon atoms, 
G4 and G5 are independently hydrogen or alky! of 1 to 8 cart)on atoms. 
Ge is aryt of 6 to 10 carbon atoms or aralkyi of 7 to 15 carbon atoms, and 

G7. Ga and G^ are independently hydrogen, alkyi of 1 to 1 8 carbon atoms, cydoalkyi of 5 to 1 2 carbon 
aralkyl of 7 to 15 carbon atoms or alkaryl of 7 to 15 carbon atoms; 
f and g are independentiy 0, 1 or 2, and 

(ii) a compound or mbcture of compounds of any of forrDuias I to XIX 
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(VI) 



(VJD 



cvni) 



OX) 
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(XV) 



XVI 



xvn 



xvra 



XIX 



wherein 

Gi and Gj are independently alkyi of 1 to 4 carbon atoms; 

Li is hydrogen, hydroxyl. aikyl of 1 to 18 carbon atoms, said alkyI substituted by hydroxyl. cyanoelhyi. glycidyl. 
aralkyi of 7 to 1 5 carbon atoms or a monovalent acyl radical of an aliphatic, cycloaliphatic. araliphatic or aromatic 
50 acid. -OCONHL3 or -0L4, 
where 

La is hydrogen, alkyl of 2 to 18 carbon atoms, allyt. cydohexy!. aryl of 6 to 10 carbon atoms, said aryi substituted 
by one or two alkyl groups of 1 to 4 carbon atoms or is benzyl. 

L4 is alkyl of 1 to 18 carbon atoms, cydoalkyi of 5 to 12 carbon atoms, alkenyl of 2 to 18 carbon atoms, cyc- 
55 loalkenyl of 5 to 1 2 carbon atoms, aralkyl of 7 to 1 5 carbon atoms, a radical of a saturated or unsaturated bicydic 
or tricydic hydrocarbon of 7 to 1 2 carbon atoms or aryl of 6 to 1 0 carbon atoms or said aryl substituted by alkyl 
of 1 to 4 carbon atoms, or Li is -CHjCHjCOOU where L^ is alkyl of 1 to 1 8 carbon atoms, 
n is 1 or 2, 



10 
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JO 



R^s hyd'r^oien C,-C,8-alkyl optionally interrupted by one or more oxygen atoms, cyanoethyl. benzyl, glycidyl 
a monovalent acyl radical of an aliphatic, cycloaliphatic. araUphat.c or aronriatic acid, or of carban^.c acd or of 
a phosphorus-containing acid, or a monovalent silyt radical; or 

R^c"c„^-alkylene, C.-C^-alkenylene. xylylene. a divalent acyl radical of an aliphatic. cydoaliphat.c, aralipha- 
tic or aromatic dicarboxylic acid, or of a dicarbamic acid or of a phosphorus-containing acid, or a bivalent s.lyl 

radica!; 

R'Vctc,ralkyl, Cj-Crcycloalkyl. C^C^-aralkyl, C,-C,e-alkanoyl, Cj-Cralkenoyl or benzoyl; 

R-^ '-V,l-alkyl. Cs-C^cycloalkyl, C,-C,-alkenyl unsubstituted or substituted by a cyano, carbonyl or car- 
bamide group, or is glycidyl, a group of the fom^ula -CH,CH(OH)-Z or of the formula -CONH-Z where.n Z .s 

hydrogen, methyi or phenyl;or 

R'trc',-ctalkylene. Ce-C.,arylene. xylylene. a -CH,CH(OH)CH,.0-X-C>CH,CH(OH)CH.- wherein X .s C,- 
cValkylen;, Ce-C,s-ary1ene or Ce-Crcydoalkylene; or. provided that R. Is not alkano^^. alkenoyl or benzoyl. 
R, can also be a d.valent acyl radical of an aliphat.c, cydoaliphat.c or aromatic d.carboxyl.c ac.d or d.carbam.c 
ac.d, or can be the group -CO-, or and R, together when p ,s 1 can be the cyclic aci^ rad.cal of an ahphat.c 
or aromatic 1,2- or 1 ,3-dicarboxyIic acid: or 
R2 is 



20 



25 



30 
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Where T, and T3 are independently hydrogen, atky! of Uo 1 8 carbon atoms, or T, and T, together are alkylene 
of 4 to 6 carbon atoms or 3-oxapentamethylene; 
when p is 3, 
35 R2 is 2.4,6-triazinyl; 
when n is 1, 

R3 is C2-Ca-aIkyiene or hydroxyalkytene or C.-C22-acyloxyalkylene; or 

when n is 2. 

R3 is (-CH2hC(CH2-)2. 

tTs "hydrogen C.-C,-aIky!. C3-C.-a!kenyI. C.-C.-araIkyl. C.-C.^ycloa!ky. C.-C. hydroxy alkyi, C..Ce- 
hu >s nyuioycii. ^12 j . 3 » ^ ^ r> »h„ frvrrr,, ,1 a ./r.H.v -D-CO-Q wherein 
alkoxyalkyl.C6-C,o-aryl, glycidyl, a group 01 iorTnuid-v^-n2,..,-^w^-v-^, w, ...^ 

m is 1 or 2 and Q is C,-C,-alkyl or phenyl; or 

iTc JcLlkylene Cs-C^-arylene, a group -CH2CH(OH)CH2-0-X-0-CH2CH(OH)CH2- wherein X is C^-C^o- 
a^k^ene^Vcl'-a;^^ or a group -CH2CH(OZ,)CHHOCH2CH(OZ,)CH2)2- where.n 

Z, is hydrogen. C,-C,8-alkyl, allyl. benzyl, Cj-C^-alkanoyl or benzoyl; 
Rs is hydrogen, C,-C,ralkyl. allyl. benzyl, glycidyl or Cj-Cs-alkoxyalkyI; 

?';s' cXikyIe'°e.' the group .CH2CH{R,)-0- wherein R. is hydrogen, methyl or phenyl, the group -(CH2)3-NH- 

R^'^C^S^l-alkyl. Cs-C^cycloalkyl. C^C^aralkyl. cyanoethyl, C^-Co-aryl. the group -CH,CH(Ra)-OH; or a 
group of the formula 



55 
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or a group of the formula 

- G - N - E - CO- KH- CH2- OR 



15 




wherein G is Cj-Cg-alkylene or Ce-Cij-arylene; or 
R7 is a group -E-CO-NH-CHj-ORe; 
is hydrogen or Ci-CiB-alkyI; 

Formula VI denotes a recurring structural unit of a polymer where T is ethylene or 1.2-propyi( 
repeating structural unit derived from an a-oiefm copolymer with an alkyi acrylate or methacrylate; 
k is 2 to 100; 

Ti has the same nr^eaning as when p is 1 or 2; 

M and Y are independently methylene or carbonyl; 

T2 has the same meaning as R4, and T2 is octamethylene; 

T3 and J 4 are independently alkylene of 2 to 12 carbon atoms, of is 




Tfi is 



45 



-KH(CH2)a-'^(CH2>b-Jjl(CH2)c-)^-ldH 



where a. b and c are independently 2 or 3, and d is 0 or 1; 
50 e is 3 or 4; 

T5 is the same as R with the proviso that T5 cannot be hydrogen when n is 1; 

E, and E^. being different, are each 0x0 or imino; , u • » ^ k 

E3 is hydrogen, alkyf of 1 to 30 carbon atoms, phenyl, naphthyl, said phenyl or said naphthyl substituted oy 
chlorine or by alkyl of 1 to 4 carbon atoms, or phenylalkyl of 7 to12 carbon atoms, or said phenylatkyl substituted 
55 by alkyl of 1 to 4 carbon atoms; and 

E4 is hydrogen, alkyl of 1 to 30 carbon atoms, phenyl, naphthyl or phenylalkyl of 7 to 12 carbon atoms; or 
E3 and E4 together are polymethylene of 4 to 1 7 carbon atoms, or said polymethylene substituted by up to four 
alkyl groups of 1 to 4 carbon atoms; 



12 
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L, is a d,valent rad.cal from an al,pha.,c, cyclcar,phat,c or aromat.c dnsocyanate fror. which the two -NCO groups 

' :?Je' : ZlXZi^ lT:.^^^^^^^ ^-es such as butadiene ar,d isoprene; haiojenated 

such as styrene, l^^Tl^oZ^ chloroprene. vinyl.dene chlor,de, vinyl.dene fluoride and v.nyl f uor,de: 
nonorr^er^ such as ^'"y' ^"^^^^^ 3',,^ g^d crotonic acid; unsaturated esters such as vinyl 

rc:rrXrac;:;s ar:,^;^^^^^^^^ as .ethy, methacr^ate, et^, acr^ate, methy, acryiat. 

. h d oxyet^^^ and ."thacryla.e. ethylene b.smethacry,ate, t,^ 

..Tv resm and polyethylene glycol d.acrylate: unsaturated arr^ides such as acrylam.de. N,N-d,n.ethylac- 
epoxy resm f P^'g'^" J N-vinylpyrrolidone; unsaturated n,trile monomers such as acrylonitr.le, 

rdra:rrererrrsu^hi:mX: Vinyl IZr. and m,sce„aneous monomers such as the v,ny, pynd.nes. 

. ^'^'TLtrreXn rp^^LTor rr.ures o. sa,d monomers and to the use . res.s such 
as acr^late-termmaled polyurethanes and unsaturated polyesters. The common feature mak.ng all of these 

■ r=E=E}^s==rr;r— ^^^^ 

allare contemp^^ed to be within the scope of ,nstant component (a). Po.ymerizat.on of such mater,a.s . often 

Dolvethvlene glycol diacrylate or methyl methacrylate. 

Stni more preferably the monomer is styrene, butadiene, acrylic ac.d or methacrylic acd 
? e ^hydrocL byloxy derivat.ves useful in the instant .nvention are denoted by the ^-^^^^^ ^^J^^^^^J^ 
35 formu'as^ to XV. where I and XV are preferred. Another group of preferred der,vat,ves are 1-[2-(methoxycar 
bonyl)ethoxyH-ben2yloxy-2.2.6,6-tetramethylpipendinei 

1-methoxy-2.2.B,6-tetramethylpiperidin^.yl benzoate; h,h,.=f. 
bis[1-{2-(methoxycarbonyl)ethoxy)-2.2,6.&-tetr3methylpiper.d,n-4-yll phthalate, 

1-tert-butoxy-2,2,6,6-tetramethylpiperidin-4-yI benzoate; 

40 4-hydroxy-1-octyloxy-2.2.6,6-tetramethylpiperidine; ^ethvlcvclohexvloxy-2 2 6.e-tetramethyl- 

1.r?-(methoxycarbonyl)ethoxy]-2.2.6.6-tetramethylp,per<d,ne, 1-methylcyclohexyloxy 

piperidin-4-yi benzoate; 

4-benzyloxy-1-ethoxy-2.2.6.6-tetramethylpipendine; 
1-carbamoyloxy-4-ben2oyloxy-2.2.6.6-tetramelhyipipendme; 

45 4-hydroxy- 1 .2,2,6.6-pentamethytpiperidine; 

1-buty>carbamoyIoxy-4-ben2oyloxy-2.2.6,6-tetramethylpipendme; 

1-a-melhylbenzyioxy-2.2.6.6-tetramethylpipend.n-4-yl benzoate. 

1 4-dimethoxy-2.2,6,6-tetramethylpiperidine; , , , ^.m^hp- 

bis[1-(2-{methoxycarbonyl)ethoxy)-2,2.6,6-tetramethylpiper.d:n^-ytoxy].p-xylytene. 

50 Vhydroxy-2.2.6.6-piperidin-4-yI benzoate; 

4-hydroxy-1-methoxy-2.2.6,6-telramethylpiperidine; 
1-methoxy-2.2,6.&-letramethylpiperidin-4-on€; 
1-hydroxy-2.2,6,B-tetramethyipipendin-4-one; 
4-hydroxyethoxy-2,2.6,6-tetramethyipiperidine; 

13 
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or which can be made by known procedures. 

The instant N-hydrocarbyloxy derivatives are made by reacting a hydroxylamine with an alkyl halide or ben- 
zyl halide or reacting the hydroxylamine with an alkyl in presence of potassium butoxide. 

Another method involves the preparation of the N-hydrocarbyloxy compounds directly from the hindered 
5 amine precursors using aqueous tert-butyl hydroperoxide, molybdenum trioxide in an appropriate hydrocarbon 
medium. 

If any of the substituents in the above formulae are C.-Ci2-a[kyi. they are for example methyl, ethyl, n-pro- 
pyl, isopropyf. n-buty!, sec-butyl, tert-butyl, n-amyl. tert-amyl, n-hexyl. n-octy[. 2-ethylhexyl, tert-octyl, n-nonyi, 
n-decyl. n-undecyi or n-dodecy!. As C^-C^Q-2\ky\, R can be the aforementioned groups, and in addition for 
TO example n-ln'decyl, n-tetradecyl. n-hexadecyl or n-octadecyl. 

Li is particularly hydrogen, hydroxyl, alkyl of 1 to 12 carbon atoms. -OCONHL3 where L3 is hydrogen, alkyl 
of 2 to 8 carbon atoms or phenyl, or -OL4 where L4 is particularly aikyl of 1 to 12 carbon atoms, cycloalkyi of 5 
to 8 carbon atoms or is -CH2CH2COOL5 where L5 is particularly alkyl of 1 to 12 carbon atoms. 

If R is a monovalent acyl radical of a carboxyiic acid, it is for example an acyl radical of acetic acid, stearic 
15 acid, salicylic acid, methacrylic acid, acrylic acid, maleic acid, benzoic acid. 2-ethylhexanoic acid or 3,5-di-tert- 
buty!-4-hydroxyhydrocinnamic acid. 

If R is a divalent acyl radical of a dicarboxylic acid, it is for example an acy! radical of adipic acid, succinic 
acid, suberic acid, sebacic acid, o-phthalic acid, butylmalonic acid, dibutylmalonic acid, dibenzyimalontc acid. 
3,5-d(-tert-buty1-4-hydroxybenzyl-buty!maionic acid or bicydoheptene dicarboxylic acid. 
20 If R is a divalent acyl radical of a dicarbamic acid, it is for example anacyl radical of hexamethylenedicar- 

bamic acid or 2,4-to!uylenedicarbamic acid. 

R is also an acyl radical of a phosphorus-containing acid of the formula 



25 



30 




wherein L is a direct bond, methylene or alkylidene of 2 to 6 carbon atoms such as ethylidene, butylidene or 
amylidene. Preferably L is a direct bond, methylene or ethylidene. 

G3 and G4 are independently afkyi of 1 to 4 carbonatoms. preferably methyl or tert-butyl. Most preferably 
40 G3 and G4 are each tert-butyl, or G3 is tert-butyl and G4 is methyl. 

If any substituents are Cs-CT-cycloalkyl. they are in particular cyclohexyl. 

As C2-Ci6-alkanoyl. R, is for example propionyl, butyryl, octanoyt, lauroyl, hexadecanoyi, octadecanoyl. 
but especially acetyl; and as Ca-Cs-alkenoyl, R^ is in particular acryioyi. 
45 If R2 is CrCfl-alkenyl unsubstituted or substituted by a cyano, carbonyl or carbamide group, it is for example 

1-propenyi. allyf. methallyl. 2-butenyl. 2-penteny[. 2-hexenyi, 2-octenyi. 2.2-dicyanovinyl, 1-methyI-2-cyano-2- 
methoxycarbonyi-vinyi or 2.2-diacetylaminovinyl. 

When Ri and R2 are together a cyclic acyl radical, they are especially -CO-(CH2)5-. 

If any substituents are C2-Ci2-alkylene, they are for example ethylene, propylene, 2.2.-dimethyi propylene. 
50 tetramethyiene, hexamethylene. octamethylene. decamethyiene or dodecamethyiene. 

If any substituents are Ce-Cis-arylene, they are for example o-, m- or pnphenylene. 1 .4-naphthylene or 4.4'- 
diphenylene. 

As Ce-Ci2-cydoaIkylene, X is especially cyclohexyiene. 

If R3 is CT-Cg-alkylene or hydroxyalkyiene. it is for example ethylene. 1 -methyl-ethylene, propylene, 2-ethyl- 
55 propylene or 2-€thyl-2-hydroxymethylpropy1ene. 

As C4-C22acyloxyalkylene. is for example 2-ethyl-2-acetoxymethyl-propylene. 

If any substituents are C2-Ce-a[koxyalkyl, they are example methoxymethyl. ethoxymethy!, propoxymethyl, 
tert-butoxymethyl. ethoxyethyi, ethoxypropy!. n-butoxyethyl. tert-butoxyethyl. isopropoxyethyl or propoxyp- 
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M R. is C-C.-alkenyl .t :s for example 1-propenyl, allyl. methallyl, 2-butenyl or 2-pentenyl 

L r C aralkTS^is phenethyl or especially benzyl; and as Cs-C,cyclohexyl is especally cyclohexyi^ 

Tf^Is Ct hyd^o^aS. i. ,s for exar.p.e 2-hydroxyethy,. 2-hydroxypropy,. ^hydroxypropy,. 2-hyd- 

"Ts cl-Cra7fC.stpa.,cu,a^ pbeny, or or p-naphtr,y, wh,ch ,s .nsubs.toted or s.bst,.ted by halogen 

"^;;'X;t^.-C.,-alkylene, it is for exar^ple ethylene, propylene, 2,2Ki,meth^propylene. tetrarr^ethylene. 

hexamethylene octamethylene, decamethyiene or dodecan^ethylene. H>.honwt*.nP 
Tr is C C -arylene it is for example o-, m- or p-phenylene, 1,4.naphthylene or 4,4 -diphenytene 
,f ^Is SSXoyl. ,t ,s for example prop.onyl. butyryl. octanoyl, dodecano^ or preferably acety!. 

S-tc-S:: t s p'^-^ir^^'n^or :7;.naphthyl wh,ch ,s .ns.bst,.ted or s.bst.ted w,tn hal. 

qen or C.-C«-alkyl. 

A^r r -alkvlene E is for example methylene, ethylene or propylene. 

A C C ly ene G is for example ethylene, propylene, 2,2-d,methylpropylene, te.ramet y.ene or 
As CrCs alkylene^ o q ,s c m- or fnphenylene, 1 ,4-naphthylene or 4,4-^,phenylene. 

hexamethylene, and as <^-^-^7'""'^° "^^^^^ the compounds of formula XVI or XVII are aliphatic. 

The prefeired diisocyanates are isophaone d.isocyanal.. 2.2.4-(2.4.U)-tnmalhymexane .o 

~tS.~"oT:„ ,ns,a„> co..pone„,s <i, and ,i„ „, Inven.lon needed ,o ,e.ard o^pre- 
ve.rre:r:e.e.,ad.'an„d„„dp»,,™.a,. 



of their relafrve stabilities. 



neu (Clean vc L _ - i_ -1, ^^1^.- 

or sB6M,ze:s such as amines to re.ard acd-catalyzed degradat.on; or Ihennal or pholo,n,.,ato.s. 

ventional additives. . inhihitnr r^n either be removed 

When it is desired to subject the inhibited monomer to ^^^y^^^^^^^l''^'^^^^^^^^^ or 

rsrs-n^-rr,r=:^^^^^^^^^^^^ 

ation. electron beam exposure or other polymerczation init.ating "^""J; ^,vn,erizatk>n of a monoo^er 

The instant invention also pertains to a process for preventing the premature P^'V-^^^^^J^.^ ° ^, 3 

polymenzable by free rad.cal initiation which composes adding to sa,d -^--^^^j/;^^^^^^^^ 
combination of compounds of any of the components (b) described above. The process of the 
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involves simply dissolving an effective inhibiting amount of the inhibitor in the monomer prior to exposure of 
the latter to conditions where the premature, undesired free radical initiated polymerization might occur. 

Preferably, this process comprises adding 50 to 10,000 of a mixture of components (i) and (ii) in a weight 
ratio of from 1:10 to 1000:1 to a continuous fluid feed stream to deactivate the autocatalytic polymerization, in 
5 any part of the continuous process equipment, such as reactor, reboiier, distillation column, etc., of any ethyleni- 
calty unsaturated monomer present in the feed stream, and 

further adding to said feed stream an additional 10 ppm to 500 ppm of said mixture as a makeup additive to 
maintain the desired concentration of said mixture in the fluid feed stream being processed. 

Preferably, this process is also carried out to prevent the fouling of processing equipment including reac- 
ic tors, pipes, stills, destination columns, cracking towers and heat transfer surfaces during the processing of a 
monomer polymerizable by free radical initiation. 

The following examples are presented for the purpose of illustration only and are not to be construed as 
limiting the instant invention in any manner whatsoever. 

The apparatus used in the following experiments is fabricated from an 80 mm OD and 3 mm thick glass 
15 tubing, 14 inches (35.6 cm) high, closed on one end and flared at the other end to fit a resin kettle top. The 
kettle is equipped with a water condenser and nitrogen inlet tube. Except where noted, the polymer reported 
in the examples is fonmed in the vapor phase (refluxing) region on the walls of the apparatus about 3 inches 
(7.6cm) above the surface of the liquid monomer. 

20 Example 1 : 

To demonstrate the need for a pot stabilizer, an experiment is run without any stabilizing additive in the 
acrylic acid monomer. A dry resin kettie is weighed and the weight recorded. A 100 ml (105 g) aliquot of acrylic 
acid is charged into the kettle and flushed with dry nitrogen flowing at 250 ml/min for 15 minutes. The kettie is 

25 then immersed in an oil bath containing approximately 6 liters of oil such that the surface of the acrylic acid in 
the kettle is about 2 inches (5.1 cm) below the level of the oil in the bath. The oil bath is heated to 150'='C and 
the acrylic acid is refluxed for 70 minutes. After approximately 1 5 minutes, the monomer begins to gel and white 
insoluble polymer is observed to grow in the monomer liquid. Only a small amount of acrylic acid monomer 
remains after 70 minutes. The kettle is removed from the oil bath and wiped free of oil. The resulting white 

30 polymer is rinsed with hexane to remove residual monomer, dried and weighed to determine the total amount 
of polymeric materia! collected inside the kettle. Some 82.9 g of white polymer is obtained. The resin kettie can- 
not be used for any further experiments. 

Examples 2-24 : 

35 

Following the general procedure of Example 1 , 1 00 ml (1 05 g) of acrylic acid refluxed for 70 minutes in the 
presence of the stabilizers indicated and the amount of polymer obtained is a measure of the relative effec- 
tiveness of the stabilizers used. The lesser is the amount of polymer formed, the more effective is the stabilizer 
used. The results are given in the table below. 

40 
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Additive* Poi Stabilizer Polymer Obtained 

Example ( 1 00 ppra) ( 1 000 ppm) (grams) 



2 


A 


phenothiazine 


OO. i 


3 


B 


phenothiazine 




4 


C 


phenothiazine 




5 


D 


phenothiazine 




6 


E 


phenothiazine 


1 .o 


7 


F 


phenothiazine 


n 0 


8 


G 


phenothiazine 


1 


9 


H 


phenothiazine 




10 


I 


phenothiazine 


y.u 


11 


J 


phenothiazine 


Q 1 


12 


K 


phenothiazine 


1 0 < 


13 


L 


phenothiazine 


io.3 


14 


M 


phenothiazine 




15 


N 


phenothiazine 


23.4 


16 


O 


phenothiazine 




17 


P 


phenothiazine 


32.3 


18 


Q 


phenothiazine 


33.1 


19 


R 


phenothiazine 


40.5 


20 


S 


phenothiazine 


41.7 


21 


T 


phenothiazine 


44.1 


11 


U 


phenothiazine 


52.4 


23 


V 


phenothiazine 


56.5 


24 


w 


phenothiazine 


58.3 



•A is N.N-diethylhydroxylamine. 

B is 1^2-(methoxycarbonyl)ethoxyj-4-Den2yioxy-2.2.5.o-ielrdmetMr pip^ricJir.c. 
C is 1-methoxy-2,2,6.6-tetramethylpiperidin-4-yl benzoate. 

D is bis[1-<2-(methoxycarbonyl)ethoxy)-2,2.6.6-tetramethylpipendi n-4-yi] phthalate. 

E is 1-tert-butoxy-2,2.6,6-tetramethy1pip€ridin-4-yI benzoate. 

F is 4-hydroxy-1-octyloxy-2,2,6,6-tetramethylpiperidine. 

G is i-[2-{methoxycarbonyI)ethoxy)-2,2.6,6-tetramethylpiperidine. 

H is 1^ethy»cydohexyioxy-2.2.6,&-teb-amethytpiperidin-4-yl benzoate 

I is 4-benzyloxy-1-ethoxy-2.2,6.6-tetramethylpiperidine. 

J is l-carbamoyloxy-4-ben20yioxy-2.2.6.6-tetramethytpiperidine. 

K is 4-hydroxy-1.2.2,6.6-pentamethy!piperidine. 

L is l-butyicarbamoyloxy^-benzoy1oxy-2,2.6,6-tetranaethyip!peridin e. 
M is 1-a-methylben2yloxy-2.2,6.6-tetramethyipiperidin-4-yl benzoate. 
N is 1.4-dimethoxy-2,2,6,6-tetramethytpiperidine. 

O is bis[1-{2-{methoxycarbonyl)ethoxy)-2.2.6,e-tetramethytpiperidin-4-y!oxy]'P-xyiy<^ 

P is N,N-di-tert-butythydroxylamine. 

Q is 1-hydroxy-2,2,6.6-piperidin^-yl benzoate. 

R is 4-hydroxy-1-methoxy-2.2,6.6-tetramclhylpiperidine. 
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S is 1-methoxy-2,2,6,6-tetramethylpiperidin-4-one. 
T is 1-hydroxy-2.2,6,6-tetramethyIpiperidin-4-one. 
U IS 4-hydroxyethoxy-2.2,6,6-tetramethytpiperldine. 
V is bis(1-hydroxy-2.2,6.6-tetrannethylpiperidin-4-y() sebacate. 
5 W is bis(1-octyioxy-2,2,6.6-tetramethylpiperidin-4-yt) sebacate. 

Examples 25-27 : 

When using the procedure of Example 2. the acrylic acid is replaced respectively with the monomers shown 
10 below, no polymer is formed in the presence of 100 ppm of 1-tert-butoxy-2.2.6.6-tetramethylpiperidin^-yl ben- 
zoate and 1000 ppm of phenothiazine. 



15 



20 



Example 
25 
26 
11 



Monomer 



methyl mcthacrylate 



2-hydroxycthyl mcthacrylate 



2-hydroxycthyl acrylate 



25 



30 



Claims 

1. A monomer composition, stabilized against premature polymerization, which comprises 

(a) an ethylenicaliy unsaturated monomer or mixture of monomers, polymerizable by free radical initi- 
ation, and 

(b) an effective amount, sufficient to inhibit the premature polymerization of component (a), which is a 
combination of 

(i) a heterocyclic compound selected from any of formulas A to C 



35 




N 




(A) 



45 




s 
(6) 




(B) 



50 



55 



G5- 




N 
I 

G3 




(C) 



18 



EP 0 467 B50 A1 



where 

G3 is hydrogen, alkyi of 1 to 4 carbon atoms or alkenyl of 3 lo 4 carton atoms. 

and G5 are independently hydrogen or alkyI of 1 to 8 carbon atoms, and 
f and g are independently 0, 1 or 2. and , , i- 

(il) a primary, secondary or tertiary amine, or hydroxylamine. or mixture thereof, of the fomnula 

NQ2Q3Q4 



10 



15 



09 



Q5 



20 




25 




, or 



30 



T9T10N-OH 



35 



40 



Q and Q. are independently hydrogen, a.kyl of 1 to 1 8 carbon atones. sa,d alM - f J^^^.^^J^^toms' 
alkenyl of 3 to 18 carbon atoms, cycloalkyi of 5 to 12 carbon atoms, phenylalkyl of 7 to 15 carbon atoms, 
ary! o?6 to 10 carbon atoms or said aryl sobstituted by alkyI of 1 to 12 carbon atoms or by phenyl. 

the provL that all of Q„ Q, and Q. are not hydrogen, cycloalkyi, phenylalkyl or aryl at the same t,me. 

q' and CU together are straight or branched alkylene of 4 to 8 carbon atoms. 3^xapentamethyiene. 3- 
thiapentamethylene. 3-iminopentamethylene or 3-methyliminopentamethylene. and 
Q, is hydrogen or alkyl of 1 to 8 carbon atoms; 
Q. CU Q7 Q.,Q9, Q,o and Q„ are independently hydrogen, methyl or ethyl; or , ,^,„,7,„i^ 

° is^drogen, alkyl of 1 to 18 carton atoms, cycloalkyi of 5 to 12 carbon atoms or phenylalkyl of 7 to 15 

r'^altl of 'lTo'l8 carbon atoms, cycloalkyi of 5 to 12 carbon atoms or phenylalkyl of 7 to 15 carbon 

atoms. 

2 A composition according to claim 1 wherein the effective amount is a combination of ^J^"'^ 

being stabilized, 

3 A composition according to daim 1 wherein component (a) is a monomer ^^[''''f!'°'^J^\^'^^^^ 
ss sisting of the oteHnic hydrocarbons, d.enes. halogenated monomers, unsaturated """J^ 

esters unsaturated amides, unsaturated nitriles.unsaturated ethers, acrylated urethanes and unsaturated 

polyesters and mixtures thereof. 
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A composition according to claim 4 where.n the monomer is styrene, butadiene, vinyl chlonde. acrylic acid, 
methacrylic acid, vinyl acetate, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, tnmethylolpropane 
tnacrylate. polyethylene glycol diacrylate or methyl methacrylate, preferably styrene, butadiene, acrylic 
acid or methacrylic acid. 

A composition according to claim 1 wherein component (i) is phenothiazine. 

A composition according to claim 1 wherein component (ii) is N.N^iethylhydroxylamine or N,N-di-ten- 
butythydroxylamine. 

A composition according to claim 1 which additionally contains another stabilizer selected from the group 
consisting of hydroquinone and monomethyl ether of hydroquinone. 

A process for preventing the premature polymerization of a monomer polymerizable by free radical initi- 
ation which comprises 

adding to said monomer (a) an effective amount of a combination of compounds of component (b) 
according to claim 1. 

A process according to claim 8 for preventing the fouling of processing equipment including reactors, 
pipes, stills, distillation columns, cracking towers and heat transfer surfaces dunng the processing of a 
monomer polymerizable by free radical initiation which comprises 

adding to said monomer (a), before processing is been, an effective amount of a combination of 
compounds of component (b) according to claim 1. 

A process according to claim 8 which comprises 

adding 50 to 10.000 ppm of component (b). according to claim 1. in a weight ratio of from 1:1 Q to 
1000-1 to a continuous feed stream to deactivate the autocatalytic polymerization, in any part of the con- 
tinuous process equipment, of any ethylenically unsaturated monomer present in the feed stream, and 

further adding to said feed stream an additional 10 ppm to 500 ppm of said mixture as a makeup 
additive to maintain the desired concentration of said mixture in the fluid feed stream being processed. 

A monomer composition, stabilized against premature polymerization, which comprises 

(a) an ethylenically unsaturated monomer or mixture of monomers, polymerizable by free radical initi- 
ation, and , , r L. »• „ 

(b) an effective amount, sufficient to inhibit premature polymerization of component (a), of a combination 

of 

(i) a heterocyclic compound selected from any of formulas A to D 
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45 





(Q 




CD) 



15 



20 



where 

G3 is hydrogen, afkyl of 1 to 4 carbon atoms or alkenyl of 3 to 4 carton atoms. 
G4 and Gs are independentiy hydrogen or alkyi of 1 to 8 carbon atoms. 

G« is aryi of 6 to 10 carbon atoms or aralkyi of 7 to 15 carbon atoms, and ^ 

Ga and G^ are independently hydrogen, alkyi of 1 to 18 carbon atoms, cycloalk^ of 5 to 12 carbon 
atoms, aralkyi of 7 to 15 carbon atoms or alkaryl of 7 to 15 carbon atoms; 
f and g are independently 0. 1 or 2. and 

(ii) a compound or mixture of compounds of any of formulas I to XIX 



25 



30 




G2 




Gi G2 



(D 
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Li— N 




(in) 
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CXIH) 



(XTV) 



(XV) 



XVI 



xvn 



xvm 
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XIX 



wherein 

G, and G2 are independently alkyl of 1 to 4 carbon atoms; 

L, is hydrogen, hydroxyl, alkyi of 1 to 1 8 carbon atoms, said alkyi substituted by hydroxyl. cyanoethyl. glych 
dyl. aralkyi of 7 to 15 carbon atoms or a monovalent acyl radical of an aliphatic, cycloaliphatic. araliphatic 
or aromatic acid, -OCONHL3 or -OL4, where 

L3 is hydrogen, alkyi of 2 to 1 8 carbon atoms, allyl, cydohexyl. aryl of 6 to 10 carbon atoms, said aryl sut> 
stituted by one or two alkyi groups of 1 to 4 carbon atoms or is benzyl. 

U is alkyi of 1 to 18 carbon atoms, cycloalkyi of 5 to 12 carbon atoms, alkenyl of 2 to 18 carbon atoms, 
cydoalkenyl of 5 to 12 carbon atoms, aralkyi of 7 to 1 5 carbon atoms, a radical of a saturated orunsaturated 
bicydic or tricydic hydrocarbon of 7 to 12 carbon atoms or aryl of 6 to 10 carbon atoms or said aryl sut^ 
stituted by alkyl of 1 to 4 carbon atoms, or U is -CHjCH^COOU where U is alkyi of 1 to 18 carbon atoms, 
n is 1 or 2, 

when n is 1, .i. 1 w 1 1 • 

R is hydrogen C,-C,8-alkyl optionally interrupted by one or more oxygen atoms, cyanoethyl. benzyl, glyci- 
dyl. a monovalent acyl radical of an aliphatic, cydoaliphatic, araliphatic or aromatic acid, or of carbamic 
acid or of a phosphorus-containing acid, or a monovalent silyl radical; or 

when n is 2, . ■ i- u 

R is C,-C,2-alkylene. C.-C,2-aIkenylene, xylylene. a divalent acyl radical ofan aliphatic, cycloaliphatic, 
araliphatic or aromatic dicarboxylic acid, or of a dicarbamic acid or of a phosphoms-containmg acid, or a 
bivalent silyl radical; 

R.'^is'ctc'z^-alkyl. Cs-Cr-cydoalkyl. CrCs-aralkyl. C2-C,e-alkanoyl. Cj-Cs-alkenoyI or benzoyl; 
when p is 1 , 

R, is C,-C,=-a!kyl Cj-C^cycloalkyl, CrCj-alkenyl unsubstituted or substituted by a cyano, carbonyl or car- 
bamide group, or is glycidyl, a group of the formula .CH2CH(OH)-Z or of the formula -CONH-Z wherein Z 
is hydrogen, methyl or phenyl;or 
when p is 2 

R, is CVC,.-alkytene. Ce-C,,-arylene. xyl^ene, a -CH,CH(OH)CH^O-X-O-CH,CH(0H)CH,- wherein X is 
C^-Co-alkytene. Ce-C^s-arylene or C«-C,2^ycloa!kylene: or. provided that is not alkanoyi. aikenoyt or 
benzoyl can also be a divalent acyl radical of an aliphatic, cycloaliphatic or aromatic dicart)oxyl.c ac.d 
or dicarbamic acid, or can be the group -CO-; or R, and R^ together when p is 1 can be the cyd.c acyl 
radical of an aliphatic or aromatic 1.2- or 1.3-dicarboxyIic acid; or 
R, is 




where and Te are independently hydrogen, alkyl of 1lo 18 carbon atoms, or Ty and together are 

aikylene of 4 to 6 carbon atoms or 3-oxapentamethylene; 

when p is 3. 

Rj is 2.4.6-tria2inyI; 

when n is 1. 

R3 is Cj-Ce-alkylene or hydroxyalkyiene or C4-C22-acyloxyaIkylene; or 

25 
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when n is 2, 

R3 is (*CH2)2C(CH,-)2: 

when n is 1, 



is hydrogen, Ci-Cij-alkyI, Ca-Cs-alkenyl. CVCg-ara(kyi, C5-C;-cycloaIky!, C2-C4-hydroxyaIkyl, Cj-C^ 
atkoxyalkyt, Ce-Cio-aryl. glycidyl, a group of formula -(CH2)^-C00-Q or of the formula -{CH2)^-0-CO-Q 
wherein m is 1 or 2 and Q is Ci-C^-alkyl or phenyl; or 
when n is 2. 

is C2-Ci2-afkylene. C6-Ci2-arylene. a group -CH2CH{0H)CH2-0-X-O-CH2CH{0H)CH2- wherein X is Cj- 
Cio-alkylene, Ce-C^s-arylene or C6-Ci2-cyc!oaIkylene, or a group -CH2CH(02i)CH2-(OCH2CH(OZi)CH2)2- 
wherein 2, is hydrogen. Ci-Cig-alkyl, atlyl. benzyl, C2-Ci2-aikanoyl or benzoyl; 
R5 is hydrogen, Ci-Ci2-aikyl, allyl. benzyl, glycidyl or C2-C6-alkoxyalkyI; 
Qi is -N{R7)- or 

E is Ci-C3-alkylene, the group -CH2CH{R8)-0- wherein R^ is hydrogen, methyl or phenyl, the group -{CH2)3- 
N/H- or a direct bond; 

R7 is C^-CiB-alkyl, Cs-CT-cycloalkyl. CrCij-aralkyl. cyanoethyl. Ce-Cio-aryl. the group -CH2CH(R5)-OH, or 
a group of the formula 



wherein G is C2-C6-alkylene or C$-Ci2-aryIene; or 
R7 is a group -E-CO-NH-CH2-ORe; 
is hydrogen or Ci-Ctg-alkyl; 

Formula VI denotes a recurring structural unit of a polymer where T is ethylene or 1,2-propylene, or is a 
repeating structural unit derived from an a-olefm copolymer with an alkyl acrylate or methacrylate; 
krs2to 100; 

T, has the same meaning as R2 when p is 1 or 2; 

M and Y are independently methylene or cart>onyt; 

T2 has the same meaning as R^. and T2 is octamethylene; 

T3 and are independently alkylene of 2 to 12 carbon atoms, of T4 is 




or a group of the formula 



— G - N - E - CO- NH- CHt- OR 





N 
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Tc is 



25 



30 



35 



iI(CH2ViI[(CH2)c-1j- 



^ -NH(CH2),-N(CH2)b-N[(CH2)c-N-]^H 

where a, b and c are independently 2 or 3, and d is 0 or 1 . 
e is 3 or 4; 

10 Is is the same as R with the proviso that cannot be hydrogen when n is 1 ; 

El and E2 being different, are each 0x0 or imino; 

E3 is hydrogen, alkyt of 1 to 30 carbon alonns. phenyl, naphthyl. said phenyl or said naphthyl substituted 
by chlorine or by alkyl of 1 to 4 carbon atoms, or phenylalkyl of 7 to12 carbon atoms, or said phenylalkyi 
substituted by alkyl of 1 to 4 carbon atoms; and 
15 E4 is hydrogen, alkyl of 1 to 30 carbon atoms, phenyl, naphthyl or phenylalkyl of 7 to 12 carbon atoms; or 

E3 and E4 together are polymethyiene of 4 to 17 carbon atoms, or said polymethylene substituted by up 
to four alkyl groups of 1 to 4 carbon atoms; 

L2 is a divalent radical from an aliphatic, cycloaiiphabc or aromatic diisocyanate from which the two -NCO 
groups are removed, or is an alkanediyi of 1 to 18 carbon atoms or cyclohexanediyi 

20 

12. A composition according to claim 1 1 wherein the effective amount is a combination of component (i) and 
component (ii) in a weight ratio of (i):(ii)of 1:10 to 1000:1. preferably 1:1 to 10:1. and where the total con- 
centration of (i) plus (ii) is in the range of 50-10,000 ppm. preferably 200-600 ppm. preferably 200-600 
ppm. based on the monomer being stabilized. 

13. A composition according to claim 1 1 wherein component (a) is a monomer selected from the group con- 
sisting of the olefinic hydrocarbons, dienes. halogenated monomers, unsaturated acids, unsaturated 
esters, unsaturated amides, unsaturated nitriies. unsaturated ethers, acrylated urethanes and unsaturated 
polyesters and mixtures thereof. 

14. A composition according to claim 13 wherein the monomer is styrene, butadiene, vinyl chloride, acrylic 
acid, methacrylic acid, vinyl acetate. 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate. trimethylol- 
propane triacrylate. polyethylene glycol diacrylate or methyl methacrylate. preferably styrene. butadiene, 
acrylic acid or methacrylic acid. 

15. A composition according to daim 11 wherein component (i) is phenothiazine. 

16. A composition according to claim 11 wherein component (ii) is of fonnula 1 or XV. preferably of formula I. 

40 17. A composition according to daim 1 1 wherein component (ii) is selected from the group consisting of 1-[2- 
(methoxycarbonyt)ethoxy]-4-benzyloxy-2,2.6,6-tetramethyl piperidine; 
i .ryvotKQvy_2,2,6,6-tetramethylninpridin-4-yl benzoate; 

bis[1-(2-(methoxycarbonyI)ethoxy)-2.2.6,6-tetramethy1piperidin-4-yl] phthalate; 

1-tert-butoxy-2,2,6.6-tetramethylpiperidin-4-yl benzoate. 
4S 4-hydroxy-1-octyioxy-2.2.6.&-tetramethylpiperidine; 

1-[2-(methoxycarbonyl)ethoxy]-2.2.6.6-tetramethylpipendine; l-methylcydohexyloxy-2,2.6.6-tet- 

ramethylpiperidin-4-yl benzoate; 

4-benzyloxy-1-ethoxy-2,2,6.6-tetramethyI piperidine; 

1-carbamoytoxy^-benzoyloxy-2,2.6.6-tetramethylpiperidine; 
50 4-hydroxy-1 .2,2.6,6-pentamethylpiperidtne; 

1-butylcarbamoyloxy-4-benzoyloxy-2.2.6.6-tetramethylpiperidin e; 

1 Ki-methylbenzyioxy-2.2.6.5-tetramethylpiperidin-4-yl benzoate; 

1,4-dimethoxy-2,2,6,6-tetramethylpiperidine; 

bis[1-(2-(m€thoxycarbony!)ethoxy)-2,2.6,S-tetramethyipiperidi n^-yioxy]-p-xylylene; 
55 1-hydroxy-2,2,6,6-piperidin-4-yl benzoate; 

4-hydroxy-1-methoxy-2.2.6.6-tetramethyl piperidine; 

1-methoxy-2,2,6,6-letramethylpiperidin-4-one; 

1-hydroxy-2.2.6,6-tetramethylpiperidin-4-one; 
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4-hydroxyetho)cy-2,2,6,5-tetramethytpiperidine; 
bis(1-hydroxy-2,2,6,6-tetramethy1piperidin-4-yl) sebacate; and 
bis(1-octytoxy-2.2,6.6-tetramethylpiperidin-4-y!) sebacate. 

A composition according to claim 1 1 which additionally contains another stabilizer selected from the group 
consisting of hydroquinone and monomethyi ether of hydroquinone. 

A process for preventing the premature polymerization of a monomer polymenzable by free radical initi- 
ation which comprises 

adding to said monomer (a) an effective amount of a combination of compounds of component (b) 
according to claim 11. 

A process according to claim 19 for preventing the fouling of processing equipment including reactors, 
pipes, stills, distillation columns, cracking towers and heat transfer surfaces during the processing of a 
monomer polymerizable by free radical tntiation which comprises 

adding to said monomer, before processing is begun, an effective amount of a combination of com- 
pounds of component (b) according to claim 1 1 . 

A process according to claim 19 which comprises 

adding 50 to 10.000 ppm of a mixture of components (i) and (ii). according to claim 13. in a weight 
ratio of from 1:10 to 1000:1. to a continuous feed stream to deactivate the autocatalytic polymerization, 
in any part of the continuous process equipment, of any ethylenically unsaturated monomer present in the 
feed stream, and 

further adding to said feed stream an additional 10 ppm to 500 ppm of said m'lxture as a makeup 
additive to maintain the desired concentration of said mixture in the fluid feed stream being processed. 
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